Portland State University

PDXScholar
Environmental Science and Management
Faculty Publications and Presentations

Environmental Science and Management

6-6-2022

Performance of an Environmentally-Aligned, Low
Maintenance flood Alleviation Scheme on the Burn
of Mosset, Forres, Scotland
Matthew F. Johnson
University of Nottingham

Patrick Edwards
Portland State University

Rachael Todd
Atkins Global, London

Janine M. Castro
U.S. Fish and Wildlife Service, janine_m_castro@fws.gov

Colin R. Thorne
University of Nottingham
Follow this and additional works at: https://pdxscholar.library.pdx.edu/esm_fac
Part of the Environmental Studies Commons

Let us know how access to this document benefits you.
Citation Details
Johnson, M. F., Edwards, P., Todd, R., Castro, J. M., & Thorne, C. R. (2022). Performance of an
environmentally‐aligned, low maintenance flood alleviation scheme on the Burn of Mosset, Forres,
Scotland. River Research and Applications.

This Article is brought to you for free and open access. It has been accepted for inclusion in Environmental Science
and Management Faculty Publications and Presentations by an authorized administrator of PDXScholar. Please
contact us if we can make this document more accessible: pdxscholar@pdx.edu.

Received: 9 February 2022

Revised: 10 May 2022

Accepted: 6 June 2022

DOI: 10.1002/rra.4020

RESEARCH ARTICLE

Performance of an environmentally-aligned, low maintenance
flood alleviation scheme on the Burn of Mosset, Forres,
Scotland
Matthew F. Johnson1
Colin R. Thorne1
1
School of Geography, University of
Nottingham, Nottingham, UK
2

Department of Environmental Science and
Management, Portland State University,
Portland, Oregon, USA
3

Atkins Global, London, UK

4

US Fish and Wildlife Service, Vancouver,
Washington, USA
Correspondence
Matthew F. Johnson, School of Geography,
University of Nottingham, Nottingham, UK.
Email: m.johnson@nottingham.ac.uk
Funding information
Engineering and Physical Sciences Research
Council, Grant/Award Number: EP/
P004180/1

| Patrick Edwards2 |

Rachael Todd3

| Janine M. Castro4 |

Abstract
Flooding of the town of Forres, Scotland prompted the implementation of a flood alleviation scheme (FAS) featuring a low earth-fill dam constructed upstream of the town
to create a flood retention area, limiting peak discharges entering the urban area. Flow
through the dam is controlled by a weir, and it was recognised that if coarse sediment,
large wood, and/or debris collected at the weir this could adversely affect its performance. To ensure reliable operation of the weir, the “Burn Management Works”
(BMW) were designed to reconnect the embanked, elevated river channel to its floodplain, naturally retaining coarse sediment, large wood, and debris upstream of the dam.
The FAS became operational on August 28, 2009 and impounded floodwater for the
first time just 1 week later. Here, we report the results of monitoring of the BMW performed between 2011 and 2018. We find that the BMW have fulfilled their primary,
flood alleviation functions by retaining large amounts of sediment and large wood without the need for maintenance. In so doing, the BMW has evolved from the singlethread, trapezoidal, pilot channel constructed through the initially dry pasture, to the
shifting mosaic of anastomosed channels, ponds, wetlands, and scrublands that now
comprise the fully-connected floodplain. In parallel, local interest groups have transformed this flood defence asset into a bird and wildlife area that is enjoyed by the community. Lessons learned from the BMW can inform other projects seeking to use
nature-based solutions to deliver sustainable flood risk management while simultaneously achieving goals for river restoration and community engagement.
KEYWORDS

anastomosing, blue-green infrastructure, floodplain reconnection, natural infrastructure,
nature-based solutions, retention basin
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I N T RO DU CT I O N

the UK, climate change, in combination with agricultural land drainage
and intensification, river channelisation, and inappropriate floodplain

Flooding is a persistent and pervasive natural hazard causing signifi-

development continues to increase flood risk (O'Donnell &

cant detriment to people and their livelihoods (Dottori et al., 2018). In

Thorne, 2020). Partly in response to increasing risk, river and flood
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risk management have recently shifted towards more holistic

(pop. 13,000), which is located in Moray, Scotland (Figure 1). The

approaches involving working with natural processes (Rehman,

town was repeatedly flooded by the Burn of Mosset during the late-

Sohaib, Asif, & Pradhan, 2019). Greater use is being made of blue-

20th and early-21st centuries, prompting Morey Council to implement

green infrastructure, particularly through Natural Flood Management

the Forres Flood Alleviation Scheme (FAS) in 2005 (Thorne, Hardwick,

(NFM), within which afforestation, leaky dams, and reconnected

Winfield, & Oliver, 2012). The Burn of Mosset is a small (basin

floodplains act to increase storage of surface runoff, promote infiltra-

area = 49 km2) but geomorphologically active, gravel-bed stream that

tion, and reduce quick flow across the catchment, reducing pressure

flows north through the town. The channel within the urban area is

on downstream urban flood defences (Dadson et al., 2017).

highly constrained, with a bankfull capacity of 10 m3/s compared to

There is growing recognition that living, “Blue-Green systems”

a 1 in 5-year return period flow of 21 m3/s, and a 1 in 100-year flow

can both augment and provide alternatives to grey infrastructure.

of 68 m3/s (MFAG, 2004). Without investment in flood risk manage-

Further, the self-organisational and recuperative properties of

ment, it was predicted that flood losses in Forres would exceed

robust ecosystems build resilience because live organisms have the

£57 million over a 50-year period (Thorne et al., 2012). Appraisal of

potential to respond, adapt, and accommodate disturbances to, and

the feasible alternatives established that the preferred option for flood

step-changes in, climate and hydrology (Johnson et al., 2019). Most

risk management was an earth-fill dam upstream of the town at Cha-

recently, attention has turned to the preponderance for pre-

pelton, designed to deliver a “100-year plus climate change” standard

Anthropocene, alluvial rivers with fully-functional floodplains to

of flood defence by storing up to 3.8 million m3 of floodwater (Thorne

have anabranching or anastomosing channel planforms; a configu-

et al., 2012) and limiting discharge through the dam to a maximum of

ration that kept hyporheic aquifers hydrated and floodplains inun-

just 8.5 m3/s using a baffled crump weir (Moray Council, 2020).

dated frequently and for long periods (Brown et al., 2008; Cluer &

The Burn was known to transport substantial quantities of gravel

Thorne, 2014). The ecological and flood risk management benefits

and large wood, raising concerns about the risk to the dam should the

of restoring river-wetland corridors with anastomosed planforms

weir be partly-obstructed or blocked. Initially, a sediment/debris trap

and fully-reconnected floodplains are only now beginning to be

was proposed, but this option was ruled out by Morey Council

explored quantitatively (Edwards, Pan, Mork, & Thorne, 2020) and

because it would require frequent emptying that would be unafford-

conceptually (Wohl et al., 2021).

able for

the Council, unacceptable

to

local residents,

and

Many of the points raised above are crystalised in the history of

environmentally-disruptive. The sustainable alternative selected was

flooding and its management in the market town of Forres

to implement Burn Management Works (BMW) designed to retain

(a)

(c)

(b)

F I G U R E 1 (a) location of Forres, Scotland. (b) location of Chapelton Dam and the BMW (red box) on the Burn of Mosset upstream of Forres.
(c) layout of the BMW, including the anastomosing channel/wetland complex. Images of the dam can be found in Appendix S1 [Color figure can
be viewed at wileyonlinelibrary.com]
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sediment and large wood in a wide, fully-reconnected floodplain

stakeholders. We close by summarising the lessons learned during the

upstream of the dam, simultaneously avoiding the need for frequent

first decade of operation of the FAS.

maintenance and recreating a natural channel-wetland-floodplain system that aligned with regional targets for environmental quality and
biodiversity.

2

METHODOLOGY

|

The BMW make use of a formerly dry pasture into which flow in
the pre-project, elevated channel was admitted via an engineered

2.1

|

Overview and data availability

breach in the burn's left embankment (Figure 1). Flow shallows and
slows as it spreads across the reconnected floodplain, allowing sedi-

In 2004, pre-project investigation of the area was performed as part of

ment and debris to deposit and accumulate naturally, and causing

project design. This included a range of ecological surveys and geomor-

large wood to become grounded. At the downstream limit of the

phological assessments by environmental consultants (MFAG, 2004).

reconnected floodplain, flow re-joins the engineered channel at a sec-

Following commissioning of the FAS in August 2009, post-project mon-

ond engineered breach in the left embankment located 200 m

itoring was undertaken through a series of dissertation projects per-

upstream of the dam (Figure 1). A pilot channel was constructed

formed by Geography students at the University of Nottingham

between the breaches, to ensure continuous passage for fish and

(Linton, 2011; Norman, 2012; Osman, 2015; Todd, 2017). In addition, a

other aquatic organisms. The stated objectives of the BMW were to:

library of ground and aerial photographs was compiled, including
images taken before, during, and following project implementation. Pre-

1. create an anastomosing channel planform with a limited capacity

project LiDAR was available from a survey conducted in 2007, and a

to transport sediment but a large capacity to trap and store mate-

second LiDAR survey was flown in 2017, in connection with rerouting

rial ranging in size from cobbles to sand;

of the A96 trunk road.

2. fully-connect the new, anastomosing channel to a broad wetlandfloodplain system so that minimal future management is required;
3. allow natural succession to convert the pre-project meadow into a
wet woodland, to optimise retention of large wood and align the

2.2 | Geomorphic change detection and sediment
retention

project with regional goals for restoration of this type of riparian
habitat;

Aerial photographs of the site taken in 2004, 2009, 2014, 2017, and

4. engineer the up- and downstream breaches so that channel evolu-

2018 were geo-rectified in ArcGIS 10.3.1 and used to produce maps

tion, shifting, and avulsion do not affect operation of the FAS, or

of channel locations and exposed sediment. In each photograph,

create passage barriers for aquatic organisms.

stream channels and areas of exposed sediment were digitised to generate overlays chronicling the Burn of Mosset's changes in location

The upstream breach was designed to divert flood flows through the

and planform configuration.

BMW while, initially, leaving most of the base flow in the pre-FAS

Point clouds from the 2007 and 2017 LiDAR surveys were used to

channel. The aim was to maintain low flow aquatic habitat in the pre-

create digital elevation models (DEMs) with 2 m spatial resolutions, and

FAS course, allowing time for concurrent development of new aquatic

the 2017 DEM was subtracted from that for 2007 to create a “DEM of

habitat in the BMW to result in no net loss of habitat. However, in

Difference” (DoD). The DoD indicates areas of geomorphic change and

September 2009 (immediately following commissioning of the FAS), a

was used to calculate the net volume of sediment retained in the BMW

major flood deposited a large amount of sediment in the pre-FAS

during the decade between the surveys. Analysis of changes in eleva-

course of the Burn of Mosset below the upstream breach. The depos-

tion indicated for stable features such as roads and paths indicated that

ited sediment raised the channel bed sufficiently that after the flood,

maximum errors in the DoD of 0.12 m. Therefore, elevation changes

100% of base flow passed through the BMW (Thorne et al., 2012).

in the DoD in the range +/ 0.12 m were classed as insignificant. Given

Despite heavy investment in flood risk management and river res-

that most differences were negative (indicating an increase in elevation)

toration, monitoring and post-project appraisal of projects remains

our estimate of the net volume of sediment retained in the BMW

rare (England et al., 2021). This is particularly true for nature-based

between 2007 and 2017 is conservative.

solutions such as NFM and Working with Natural Processes, where
projects have multiple goals and seek to generate “multiple co-benefits” (Hankin, Burgess-Gamble, & Rose, 2018). Limited monitoring and
appraisal of such schemes, and associated lack of performance data,

2.3 | Characteristics of retained sediment and
large wood

makes it challenging to assess their success or to learn lessons from
their development. In this context, we report here the results of long-

In 2010, 2011, and 2017, surface sediment particle size distributions were

term monitoring of the Forres FAS, focusing on appraisal of the per-

sampled at multiple locations within the BMW and in the Burn up and

formance of the BMW in preventing sediment and large wood from

downstream, using the Wolman pebble count method (Wolman, 1954),

adversely affecting the safety and operation of Chapelton Dam, and

with a sample size of 200 (Hey & Thorne, 1983) (Figure 2). D16, D50, and

considering the co-benefits generated, including those to wildlife and

D84 grain sizes were determined for each sampling location.

4
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FIGURE 2

(a) 2004

(b) 2009

(c) 2014

(d) 2017

Repeat sediment and macroinvertebrate sampling locations and dates [Color figure can be viewed at wileyonlinelibrary.com]

Comprehensive large wood surveys were performed across the

and surrounding habitats. In 2011, a walkover vegetation survey was

BMW in 2011 and 2012 using aerial imagery and systematic ground

performed as part of a River Habitat Survey and in 2017, 16 5  5 m

observations, with the precise locations of individual wood pieces and

quadrats were surveyed for plants on each bank adjacent to the 2017

log jams recorded using a handheld GPS. After that, repeat large wood

bed sediment sampling sites (Figure 2).

surveys became impractical because the BMW had developed into a

In 2004 and 2018, macroinvertebrate surveys were taken at mul-

complex wetland with dense vegetation and inundation both obscuring

tiple sites across the scheme (Figure 2). At each site, applying national

the large wood and making access to most of the site difficult and

standard protocols, a 3-min kick sample with hand sweep was

potentially hazardous. In 2015, large wood was resurveyed, but only on

obtained, with the operator systematically sampling all main habitat

the alluvial fan at the upstream breach, which could be safely accessed.

types, with time spent in each broadly proportionate to surface area
(Murray-Bligh, 1999). In all cases, collected invertebrates were identified to the taxonomic family level. Because of the changed course of

2.4

|

Ecological data

the Burn within the BMW pre- and post-FAS, it was impossible to
resample exactly the same locations between years. However, the

Georectified aerial imagery from 2004, 2009, 2014, 2018 was also

pre-FAS locations MO U1 and MO D4 (both downstream of the

used to digitise areas of broad vegetation characteristics. These were:

BMW) sampled in 2004 were resampled in 2018 as post-project loca-

short grass, isolated trees, riparian woodland, isolated linear trees,

tions 5 and 6, respectively.

scrubland, boggy grass/shrub, wetland, and open water.

The abundance of macroinvertebrates and the number of taxo-

In 2003, a comprehensive, pre-project vegetation survey took

nomic families found in each sample were compared between loca-

place across FAS project area, including the site of dam construction

tions and years. Two well-established biomonitoring scores, routinely

5
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used in the UK for river monitoring, were calculated from the invertebrate community at each site. Both are based on the specific tolerances invertebrate families have to environmental stressors. Average
Score Per Taxon (ASPT) scores individual invertebrate families based
on their tolerance to water quality. The value attributed to each family
in the sample is then aggregated and divided by the total number of
families in the sample. An ASPT score of 6.5 or above is indicative of
relatively unimpacted conditions, whereas a value <5 indicates heavily
degraded conditions (Wright, Sutcliffe, & Furse, 2000). Proportion of
Sediment Sensitive Invertebrates (PSI) indicates the tolerance of the
macroinvertebrate community to fine sediment represented as a percentage (Extence et al., 2013). A PSI score of 81% and above indicates
intolerance to fine sediments, with scores <70% suggesting excessive
fine sediment, and values <20% indicate intense fine sediment deposition, significantly limiting macroinvertebrates communities. Pre- and
post-scheme values of biomonitoring scores, abundance and diversity
values and abundance of individual families were statistically compared using Mann Whitney U tests.

3

|

RESULTS

3.1 | Channel, fan, pond, wetland, and floodplain
development
The first feature to develop in the BMW was the alluvial fan at the
upstream breach, which began forming during the first flood event, just
a few days after the FAS became operational. Since then, the fan has
trapped coarse sediment and pro-graded as anticipated in the original
design, growing in area from 100 m2 in 2009 to >1,000 m2 in 2018.
In 2016, a second, unplanned breach developed in the left embankment

F I G U R E 3 Development of channels, alluvial fans, and open
water areas within the BMW between 2004 and 2017. Arrows
indicate predominant flow path [Color figure can be viewed at
wileyonlinelibrary.com]

of the Burn about 400 m upstream of the engineered breach and, by
2018, this fan had grown in area to >900 m2 (Figure 3). Water only

This course confluences with a drainage ditch constructed in 2009,

exits the Burn at the unplanned breach during higher flows, with the

where it runs through the three areas of standing water which,

original, engineered breach conveying most of the flow in the Burn.

between 2014 and 2017 had expanded in size to link all three previ-

Since 2018, the second fan has stabilised and it is vegetating.

ous dominant channels (Figure 3). By 2017, the total area of standing

The course of the Burn within the BMW is dynamic. Initially,

water had expanded to 31,500 m2 with a further 21,000 m2 of stand-

flow was conveyed through the pilot channel, but by 2014 the Burn

ing water present on the west side of the embankment, which had

had abandoned the pilot channel to develop a self-formed, anasto-

breached by 2017. This water body appears to be seasonal

mosing planform linked to the lower reach of the original, pilot chan-

(as opposed to the others which are perennial) and, as of 2018, poses

nel via an area of open water. At this time, a second flow path

no clear risk of extending to adjacent fields.

formed along the base of the left embankment, leading to a second
area of open water (Figure 3). By 2014, a third area of standing
water had developed close to the downstream breach, giving a total

3.2

|

Sediment and large wood retention

area of standing water of 10,500 m2. The depth and extent of the
downstream area of open water were subsequently increased by

The utility of the “DEM of Difference” (DoD) for the BMW is limited

local stakeholders, who built a cobble-weir at the downstream

by the presence of areas of open water, as the DoD cannot identify

breach, and a hide from which to observe wildfowl in the BMW

changes in the land submerged beneath the water surface. This limita-

(Appendix S1).

tion is evident in the wetland in the northern part of the BMW (see

Dynamic adjustments continued in the Burn between 2014 and

Figure 4), where the surface detected by LiDAR switches seasonally

2017, with the anastomosed course to the northeast being largely

between being the boggy land surface and standing water. Conse-

abandoned and most flow switching to a new, anastomosing course

quently, the volume sediment stored within the BMW as a whole

emanating from the southwest quadrant of the original alluvial fan.

could not be estimated accurately.

6
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F I G U R E 4 DoD of the BMW
indicating changes in surficial topography
between the pre-Scheme (2007) and
8-years post-FAS conditions (2017). Red
areas in the south and east of the BMW
indicate the two alluvial fans. The third
red area, in the northern part of the BMW
is a seasonally-flooded, raised bog and
wetland that has developed between the
Burn of Mosset and the left embankment
of what is now the Rafford Burn
since 2007 [Color figure can be viewed at
wileyonlinelibrary.com]

F I G U R E 5 Map of the BMW with the
locations of large wood recorded in the
surveys of 2010, 2011 and 2015 [Color
figure can be viewed at
wileyonlinelibrary.com]

However, the DoD was used to assess the volume of sediment

2017, an additional 270 m3 of sediment accumulated in the second,

stored in the primary and secondary alluvial fans, which are clearly dis-

unplanned fan. These volumes represent only the coarse fraction of

cernible in Figure 4. Between implementation of the FAS and 2017,

sediment transported into the BMW as bedload during high flows.

770 m3 of sediment accumulated in the primary alluvial fan, indicat-

Finer sediments carried in suspension accumulate in the ponds and

ing an average sediment thickness of 80 cm. Between 2016 and

wetlands further northwest in the BMW but, as noted above, this

7
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F I G U R E 6 D50, D16, and D84 values
for bed material at the four locations on
and adjacent to the alluvial fan at the
upstream engineered breach that were
sampled in 2017

cannot currently be estimated from available LiDAR. In terms of asses-

2 mm (pea-gravel, close to the very coarse sand size class boundary)

sing the performance of the BMW, this is, in any case, irrelevant

(Figure 6). This establishes that the fan immediately downstream of

because, unlike coarse sediment and large wood, fine sediments pose

the engineered breach in the left embankment traps almost all of the

no risk to the efficient and safe operation of the baffled Crump weir

gravel supplied to the BMW by the Burn of Mosset.

that regulates flows through Chapelton Dam.

In the fluvial-wetland complex downstream of the fan, surficial

No large wood has become lodged in the weir since the FAS has

sediments in the anastomosed channels and active floodplain predom-

been operational, and neither has any been observed downstream of

inantly comprise medium to fine sand (<1 mm diameter) with some

the BMW. Data from 2010 and 2011 indicate that during the early

silt, while the slack water areas and the beds of the ponds feature

years of operation, large wood was being trapped across the BMW,

silty-clay sediments inter-bedded with layers of fine, particulate

and that, while the number of pieces was increasing, most of the

organic matter (POM) that overlay the soils of the former pasture.

wood recorded in 2010 was still in place in 2011. The 2015 resurvey

These findings indicate that the BMW have been effective in prevent-

of wood on the primary alluvial fan established that a considerable

ing the delivery of gravel and cobbles (i.e., sediment >2 mm in diame-

amount of large wood had accumulated there, in addition to that

ter) to the weir in Chapelton Dam.

recorded in 2010 and 2011 (Figure 5).
The wide distribution of grounded, large wood observed in 2010
is probably explained by the 1 in 20-year event in 2009, which was

3.4

Ecology

|

able to carry wood for considerable distances across the, then, relatively smooth surface of the meadow. Smaller floods that occurred

3.4.1

|

Vegetation

between the 2010 and 2011 surveys were unable to re-mobilise the
grounded timber but were competent to provide additional wood. By

Aerial imagery and terrestrial photography clearly demonstrate both a

2015, the flow was divided between multiple channels, which inter-

high degree of spatial variability and temporal change/succession in

sected multiple patches of standing water within which wood trans-

vegetation within the BMW (Figures 7 and 8). In summary, the exten-

port would stall. Further, substantial vegetative growth had

sive, pre-FAS mono-stand of closely-grazed, pasture grasses have

significantly increased surface roughness. Consequently, the mobility

been transformed into a shifting mosaic of aquatic, riparian, wetland,

of large wood within the BMW had decreased substantially. The 2015

and floodplain species, growing in habitats ranging from diverse forms

survey shows that the 2014 avulsion of the Burn (see Figure 3)

of perennial lotic and lentic water bodies, to relatively dry scrublands.

resulted in the locus of wood accumulation switching from the north-

Vegetation mapping based on oblique aerial photographs chronicles

ern part of the primary fan to the southwest quadrant.

the development of an eco- and morphologically-diverse, patchy
channel-wetland-floodplain complex, within which extensive areas of
“carr,” which is a type of water-logged shrubland in transition from

3.3 | Surficial sediments and particle size
distributions

being a marsh to a wet woodland, predominate (Figure 7).
A pre-FAS survey of plant assemblages took place in 2003, while
post-implementation ground surveys were performed in 2010 and

Surface sampling in 2017 showed that the median grain size (D50) of

2017. Field protocols and areas covered differ between these surveys,

the sediment forming the fan fines from 32 mm (cobbles) to just

ruling out a formal Before-After-Comparison Index (BACI) analysis.

8
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F I G U R E 7 Vegetation cover maps derived from aerial imagery and field photographs taken in: 2004 (5-years pre-FAS), 2014 (5-years postimplementation), and 2018 (9-years post-implementation). Arrows in the 2018 panel show locations and headings of photographs included in
Figure 8 [Color figure can be viewed at wileyonlinelibrary.com]

(a)

(b)

(c)

(d)

F I G U R E 8 Photographs of the BMW in July 2018: (a) open water feature viewed from the bird hide; (b) wetland complex viewed from the
Rafford Burn at the downstream breach, (c) the first alluvial fan viewed from the upstream, engineered breach, and; (d) the second alluvial fan
viewed from the new breach in the left embankment of the Burn of Mosset that developed after 2014. Locations and headings of photographs
indicated in Figure 7 [Color figure can be viewed at wileyonlinelibrary.com]

Despite this, data collected through these on-the-ground surveys pro-

Consequently, the areas that now make up most of the BMW were

vide valuable insights.

not surveyed. Based on information gleaned from other sources

In 2003, it was not anticipated that arable cropland and improved
pasture

upstream

of

Chapelton

Dam

would

be

disturbed.

(MFAG, 2004), it may be safely inferred that the range of plant species
in the agricultural field was limited, with field margins associated with

9
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corn marigold (Chrysanthemum segetum), spear thistle (Cirsium vulgare)

students “T-tests” showed biomonitoring values and abundance and

and dove's foot cranebill (Geranium molle). In contrast, the 2003 sur-

diversity metrics were not significantly different from those in 2004.

vey establishes that riparian areas adjacent to watercourses and

In contrast, communities within the BMW in 2018 were different

woodlands to the north-west and east of the FAS, supported diverse

from both those up- and downstream of the BMW, and pre-FAS.

plant communities that featured over 233 species.

Abundance was typically higher post-FAS, ranging between 478 and

In 2010, 1-year post-implementation, 85 of these species (listed in

962 individuals, whereas diversity was typically lower (14–16 families;

Thorne et al., 2012) were found within the BMW, with wetland obli-

n = 3). When aggregated across the sites, the main difference is that

gate species such as rushes (e.g., Juncus articulates, J. bufonius,

the BMW community has more drifting organisms that are free-

J. effusius, and Luzula sylvatica) and wetland facultative species

floating and adapted to disturbance regimes than are found outside

(e.g., Stellaria alsine; Persicaria amphibia; Rorippa nasturtium-aquaticum)

the BMW. This is consistent with disturbances associated with: more

predominant. In 2017, 8-years post-implementation, sampling was con-

frequent overbank flows, more diverse channel morphologies, and

ducted in 16, 5  5 m quadrats located adjacent to the 2017 bed sedi-

more varied sediment/wood transport and deposition/accumulation

ment sampling sites shown in Figure 2. Forty-eight plant species were

processes in the BMW. In particular, there were substantially more

found,

watercress

sediment dwelling midge larvae (Chironomidae) and disturbance-

(R. nasturtium-aquaticum) and floating sweetgrass (Glyceria fluitans).

adapted mayfly (Ephemerellidae) post-FAS, and significantly fewer

including

notable

wetland

plants

such

as

Thirty of these species were present in 2010. The remaining 18 species

sediment sensitive mayfly (Heptageniidae) and predatory, silk spin-

included grasses (Descampsia flezuosa, Festuca rubra), rushes (Carex ros-

ning caddisfly (Rhycaphilidae) (Figure 9). It should also be noted that

trate), flowering plants (Alchemilia vulgaris, Trifolium repens, Myosotis

macroinvertebrate sampling did not take place in wetland ponds on

laxa, Galium paluste), and shrubs (Rosa canna, Ulex europaeus). These

the site, where a different macroinvertebrate community would be

plants were distributed across a sampled area of 400 m2; extrapolating

expected a priori. This supposition is supported by observations of

these results to the entire 65,000 m2 area of the BMW suggests that a

dragonflies (Aeshna juncea) and damselflies (e.g., Enallagma cyathi-

rich and diverse wetland community has developed within it.

gerum, Ischnura elegans, Lestes sponsa) in their adult, terrestrial forms.

3.4.2

4

|

Macroinvertebrates

In 2004, pre-project sampling of macroinvertebrates showed relatively

4.1

DI SCU SSION

|
|

BMW performance

uniform invertebrate community composition along a 1.2 km reach of
the Burn of Mosset centred on the proposed dam. Assemblages were

The FAS has been successful in preventing multiple floods from

typical of those expected in a straightened, riffle/run dominated,

damaging the town of Forres. Specifically, the Wardend Bridge

gravel-bed stream, with species adapted to fast flows and well-oxygen-

hydrometric gauge (SEPA ID 234331), which is located 2.5 km

ated, stable, coarse sediments predominating. Biomonitoring scores

upstream of Chapleton Dam, indicates four occasions since 2009

indicated that the pre-FAS macroinvertebrate community was intoler-

when flow in the Burn of Mosset would have likely exceeded the

ant of fine sediment deposition (PSI = 86%) and organic pollutants

conveyance capacity of the channel through Forres. Overall, the flow

(ASPT = 7.1) with abundance ranging between 383 and 583 individuals

draining into the BMW since operation has been similar to the

from 15 to 21 families (n = 10). In 2018, sites outside of the BMW had

longer-term average (since gauge operation began in 1998), with an

similar macroinvertebrate communities to pre-FAS conditions, and

average flow only 0.04 m3/s lower than the longer-term average,

(a)

(b)

(c)

F I G U R E 9 Box and whisker plots comparing macroinvertebrate biomonitoring scores and abundance of taxa between pre-FAS (2004) and
post-FAS (2018) samples: (a) ASPT; (b) PSI, and; (c) four taxa with an abundance greater than 10, for which significant differences exist between
pre- and post-FAS conditions (Mann Whitney “U-test,” p < .01)
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and nine of the top 20 flood events occurring during the monitoring

they had been lost. Further, and as noted in the surveys reported

period.

above, the lost habitat (uniform, gravel-bed stream with riffles/runs)

All the stated objectives of the FAS and BMW stated above have

was still widely available both up and downstream.

been met. An anastomosing channel fully-connected to a broad

In 2016, bank erosion in the Burn of Mosset at the upstream

wetland-floodplain system has developed (Objective 1 and 2), a wet

boundary of the BMW led to the development of an unplanned, sec-

meadow and carr habitat is evolving towards a wet woodland in the

ond breach and alluvial fan. This caused no detriment to the BMW; on

BMW, optimising future retention of sediment, wood, and debris

the contrary, it added to the habitat mosaic across the site. However,

(Objective 3); and engineering of the up- and downstream breaches in

had the unplanned breach enlarged to capture all of the flow in the

the Burn's left embankment has been successful in ensuring that

Burn of Mosset, continued growth of the fan there could have posed

channel changes and avulsions within the BMW do not adversely

significant water-logging problems for an adjacent landowner. In the

affect operation of the FAS or create passage barriers to aquatic spe-

event, the breach shrank and, by 2018, the unplanned breach and fan

cies (Objective 4). Finally, no maintenance has been carried out in the

were stabilising and revegetating. Nevertheless, adaptive management

BMW during its first decade of operation, in line with one of the main

may be necessary, should the breach and fan be reactivated by a

aspirations of Moray Council. That said, the need for adaptive man-

future flood. Limitations in current topographic models of the site pre-

agement remains, as discussed below.

vent accurate predictions of when the BMW will theoretically fill with

The pre-FAS Burn provided good aquatic and riparian habitats with
a diverse invertebrate community, though that habitat was limited to

sediment; however, even conservative estimates using available data
suggest it will take at least 300 years (Thorne et al., 2012).

the narrow corridor between and on the embankments, and was

Although the BMW were designed to require minimal mainte-

homogenous along the entire length of the reach. Post-scheme, this

nance, monitoring and the capacity for adaptive management are

type of habitat persists in the Burn of Mosset and Rafford Burn up- and

important considerations in any river and flood risk management

downstream of the BMW, but the BMW itself provides arrange of addi-

Scheme. A further example of these needs is the occurrence of localised

tional habitats that were missing entirely from this part of the catch-

erosion of the right embankment of the Burn of Mosset just upstream

ment, including slow-flow and standing water/wetland habitats with

of the engineered breach. Although this has not merited adaptive man-

fine bed-sediment. These are providing ideal rearing habitat for large

agement to date, it should be monitored and dealt with if erosion ever

populations of juvenile fish and minnow observed in the BMW in 2018,

threatens the integrity of the right embankment at this location. This is

as well as brook lamprey (Lampetra planeri). Ammocoetes and juvenile

because, if the embankment were breached there is a risk of increased

lamprey prefer depositional areas with fine sediment, whereas adult

flooding in the adjacent pasture, which is still in private ownership.

lamprey prefer stable, gravel substrates with low flow velocities for

The take-home message delivered by this study of the BMW and

spawning (Maitland, Morris, & East, 1994). In these contexts, the BMW

their performance is that while the maintenance requirement is mini-

may provide important habitat for these rare animals. The standing

mal, especially in comparison to grey infrastructure alternatives, it is not

water also provides habitat for birds, which has led to the BMW being

zero. The BMW are not an example of “rewilding,” and nor were they

adopted by local wildlife groups and stakeholders.

ever intended to be so. The BMW are, in essence, an example of multifunctional, Blue-Green Infrastructure (Thorne, 2020). Consequently,
long-term monitoring and consideration of the need for adaptive man-

4.2

|

Lessons learned

agement are required, and delivery of adaptive management may be
necessary, as in the case of erosion of the right embankment observed

While the FAS and BMW achieved their aims during the first decade

in the Burn of Mosset near the upstream, engineered breach.

of operation, there are lesson to be learned from issues that arose
during this period.
First, the design called for the pre-FAS channel for the Burn of

5

|

CONC LU SIONS

Mosset between the upstream, engineered breach and its confluence
with the Rafford Burn to continue to convey perennial base flow. The

The FAS and BMW have so far achieved their aim of protecting the

aim was to prevent there being a temporary loss of aquatic habitat

town of Forres from flooding and providing mutual co-benefits, partic-

during period between initiation of flow through the BMW and estab-

ularly in terms of habitat. The FAS is also demonstrating the benefits

lishment of equivalent habitat in the pilot channel. In the event, flow

of pairing grey (Chapelton Dam) with natural infrastructure (BMW),

abandoned this short reach of channel days after the BMW was com-

wherein the BMW improve dam safety and provide resilience to

pleted, due to local scour and deposition that occurred during the first

future changes through the natural capacity of regeneration, while the

flood event. Although that early abandonment resulted in premature

dam itself provides reliable flood alleviation for the town of Forres.

loss aquatic habitat in the embanked reach, it also initiated the alluvial

The project also demonstrates the co-benefits that can be deliv-

fan and replaced the single-thread, pilot channel with an anastomos-

ered by reconnecting a straightened, single-thread, channel to its

ing channel much sooner than could have been anticipated, which

floodplain and granting it freedom to set its own course – in this case

accelerated generation of the aquatic habitats in the BMW. Conse-

an anastomosing channel. As such, we believe that the BMW repre-

quently, the pre-project habitats were replaced almost as quickly as

sents one of the first examples of restoring full connectivity between
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a stream and its floodplain. Formal post-project monitoring is rarely
undertaken and much of the data used here comes from student projects, publicly available information, and site walkovers. Whilst
funded, regular and standardised monitoring is desirable, the work
here indicates what can be done with more opportunistic and irregular
sampling. Importantly, the BMW demonstrate that except when truly
rewilding a stream, post-project monitoring (with the potential for
adaptive management) is a necessity.
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